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Optirnum fractionation in radiothetapy-is shorter better?

o
J. F. F o\'1'LER

Gray Laboratory of the Cuncer Research Canrpaign,
Mount Ve mon Ilospital, North$ood, Middlescx, England

A series of multiple-fr,rction experiments &'as carried out using first-gencration rrans-
plants of spontaneous marnmary tumours in C3H mice. A similar series of fractionated
irradiations was carried out on à normal tissue, measuring acutc skin reactions in mice feet.
The results will bc presenred às the percentage of tumours cured by a dose schedule which
produccd a gi'cn degree cÍ acute skin reaction in micc.

The pcrcentage of tum,:urs cured, plotted against overall time of treatme[t for a numbcr
of fractionated schedules, sholr's that 9 or l0 days represent an optimum overall timc fbr
maximum cure probability at that lcvcl of acute injury to skin.

At longer overall time§, results \rere poor because the tumours outgrcw the treàtment.
At shoÍter overall times thcrc was great variability. This can bc cxplained on the basis
of poor re-oxygenation for daily intervals but better rc-oxygenati()n íor 2_day intervals
At shorter intcn'als (12 hours), however, results were still good, perhaps because there *as
lcss repair in the tumours. Thus X-ra1s alonc can produce good results, but they are <;uitc
Iikely not to do so, especirlly for rather short overall times.

When the hypoxic-c€ll radioscnsitizer Ro-07-0582 r,r'as used u'ith X-rays, or then
cyclotron neutrons rvere use<l instead, the poor results at short overall tirnes u'ere all
improi,'ed to the Icvcl of the best results for this degree of skin damage: the variability was
eliminated. It rvith thc;e agents, short fractionation schcdulcs become more usable, the
economic advantages are obvious.

o Radiosensitivit:i of differeot transplentable animal turnours and of
derived cell-lines in culture

C;. W. BA8ENDSÈN, J. F. GAISER, IJ. C. JÀNSE and A. S, M. vAN Rlrsoonr

Radiobiological Institute'INO, Rijswijk, The Nethcrlands

Responses of tumours to diíïcrent doses of radiation can be measured by assessment of
eradication probability, volumc decrease, gro*th delay or reproductivc survival of cells.
In the case of fractionà1:ed treatments: these responses arc determined by many factors,
namely intriosic cellulg,r radiosensitivity, conditions u'hich influence this sensitivity,
e.g. hypoxia, repair of sub-lethal and potcntially lethal damage, and kinetics of cell
proliferation and death.

To investigate the reLative importance of these factors and correlations with diíIcrences
between various typcs oÍ' tumours, a set of eight tÍansplantable tumours and corresponding
cell-culture systems.has been developed from tumouÍs which originated in dillerent tissues.
'fhe intrinsic sensitivit;r to X-rays for reproductivc dcath of cells in culture has been
measured for a1l types of tumour; tumour-gror-th dclay as a function of dose has been deter-
mined for fir,e types oftumour; and rcproductive death of cells in tumours after irradiation
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influencc of the factors mcntioned varies and that interpretation of tumour responses is only
possible if all factors are adequatcly evaluated. For instance, a rat sarcomà, R-1, shows a
short growth delay of 15 days after 2000 rad of X-rays because hypoxic surviving cells
respond by an increused rate of cell proliferation, wheleas a mt squamous cell carcinoma,
RUC-2, experiences a delay of only l0 days after 2000 rad of X-ral,s because it consists of
cells which exhibit a high intrinsic resistance to radiation.

Tumour regression and radiatioo response

J. DENE(AIIP
Gray Laboratory of the Cancer Research Campaign,

Mount Vernon Hospital, Northwood, Middlesex, Englantl

'l'hc ratc of tumour rcgression after irradiation is a poor indicator of thc number of
tumour cells that havc been killerl- It may, hou'ever, be a useful pÍognostic indicator of thc
extent of re-oxygenation during frrctionated radiotherapy, which rvould affect the tumour
radiosensitivity.

Tumours of difierent histological tvpes regress at different rates aftcr irradiation.
Carcinomas often regtess quickly; satcomas often regress very slowly or not at all. This
relates to the proliferation characteristics in that carcinomàs have a high cell-Lrss factor
and a constant balance between cell production and cell loss. If cell production is halted
by irradiation, rapid shrinkage could result from the normal cell-loss processes. Re-oxygena-
tion is much more eí[ectivc in the three rapidly shrinking carcinomas that have been studied
than in the three slowly shrin-king sarcomàs.

Within one histological type oftumour, the C3H mammary carcinoma, regression during
fractionated treatments has been analysed in relation to the local control of each tumour at
150 days. A signilicant correlation was secn benveen shrinkage and cure rates for 3F/4
days,9F/10 days and 15F/18 days. A weaker correlation was seen for 9F/18 days and
within one *'eek after single doses. 'I'hus, even r»ithin one tumour typc, a high rute of
shrinkage may ieacl to an increase in the radiosensitivity of the tumour.

IÍnportance of Íecruitment of ,loD-pÍolifeÍating Q inÍo proliferating P cells for
the growth of an experimental rhabdomyosareoma before and aftet iradiation

with X-Íays

A. F. HERMENS and G. W. BÀRENDSEN

Radiobiological Institute TNO, Rijswijk, The Netherlands
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To improve radiation and chemotherapy regimens by enhancement of the selectíve

destruction of the clonogcnic tumour cells, it i3 important to obtain information on the
variation in thc iractions of clonogenic P and Q cells in tumours beforc and after thcrapy.
'fhc ccll kinetic factors invol,ed are: the net rates of production and k-rss of clonogenic and
non-clonogenic P and Q cells, their life-span and the rate of recÍuitment of Q into P cells.
'l'his latter factor and the significance of hypoxia »'ith respect to the P or Q status of the
cells have becn strdied for the R-1 rhabdomyosarcoma by employing the semicontinuous
labelling technique and autoradiography. Animals were injected with up to seven repeated
doses of sHTdR uithin 30 hours. Half of the labelled tumours recei,'cd an acute dose of
800 rad of 300kV X-rays 15 min before the animals were killed, in ordcr to inducc
reproductivc deàth in more than 99 per cent of the *,ell-ox.vgenated cells. A slicc of each
tumour -lvàs fixed and used for measuring the fràction of labelled tumour cells, Ll,rro,.;
from the remaining tissue of each tumour a single cell suspension was prepared for plating
in oitro. Frorn cultures incubated for periods of 12, 24, 48, and up to 120 h the fractions
of labelled cell foci, LIro, p€r culture weÍe measurcd,

Analysis of the variation in LIr,,-",,. as a function of time and of the number of injections
indicates that the rate of recruitmcnt of Q into P cells is less than 'l pcr cent per hout in
unirradiated tumourc.
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